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METHOD FOR IDENTIFICATION OF CELLULAR PROTEIN 
ANTIGENS AND PRESENCE OF ANTIBODIES TO SPECIFIC 
CELLULAR PROTEIN ANTIGENS IN SERUM 

1 ■ TNTRODUCTION 
The present invention relates to a method for identification of cellular 

protein antigens to which patients with cancer, or patients at risk for cancer, may 
develop autoantibodies. The method of the invention involves the use of patient 
derived sera for the identification of the cellular protein antigens using two- 
dimensional gel electrophoresis followed by Western Blot analysis. The 
identification of such protein antigens provides novel markers that can be utilized for 
screening, for diagnostics and prognosis of disease. The invention also provides for 
the use of the identified protein antigens in immunoassays designed to detect the 
presence of serum antibodies to the specific protein antigens in sera from individuals 
that may harbor such antibodies. The invention further relates to the use of the 
identified antigens as immunogens for stimulation of an immune response in patients 
expressing such protein antigens. The invention is demonstrated by way of example 
in which elevated levels of circulating autoantibodies reactive against a tumor specific 
antigen were identified in sera derived from a lung cancer patient. In addition, 
elevated levels of circulating autoantibodies reactive against several specific p-tubulin 
isoforms were detected in the sera of neuroblastoma patients. 

2. BACKGROUND OF THE INVENTION 
Autoantibodies to normal or abnormal cellular proteins are known to 
be produced by patients in certain diseases such as autoimmune diseases and 
cardiovascular-related disorders, in some cases even before the disease has produced 
overt symptoms. However, such autoantibodies have rarely, if ever, been observed in 
individuals with cancer. Such antibodies to tissue proteins, e.g. p53, may serv'e as 
early markers for different types of cancer or for other illnesses. Their detection or 
the detection of their corresponding antigens in serum or other tissues and body fluids 
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may have utility as indicators of risk for particular types of cancer or for other 
diseases, as diagnostic markers or as prognostic indicators. 

The detection of autoantibodies to cellular antigens and the 
identification of proteins that have elicited autoantibodies has been accomplished 
5 using a variety of approaches. For example. Proliferating Cell Nuclear Antigen 

(PCNA) was first described as a nuclear antigen which bound antibodies from some 
patients with lupus erythematosus (Miyachi, K., Fritzler, MJ., and Tan, E.M., 1978, J. 
Immunol 121:2228-2234). It was subsequently observed that resting lymphocytes did 
not react with the antibody, in contrast to mitogen stimulated lymphocytes which 

10 displayed nuclear staining. This ultimately led to the identification of the protein, 
designated PCNA which is recognized by this autoantibody in lupus (Tan, E.M., 
Ogata, K., and Takasaki, Y. 1987, J. Rheumatol., 13:89-96). In some other cases, 
candidate proteins are singled out and investigated with respect to their ability to 
induce antibodies in patients, as was investigated for p53 (Crawford, L.V., Firm, 

15 D.C., Bulbrook, R.D., 1984, Int J Cancer 30:403-408). In addition, a technique called 
SEREX relies on serological analysis of recombinant cDNA expression libraries to 
identify tumor antigens (Old, L., et al 1998, J. Exp. Med. 187:1 163-1 167). Thus, 
many approaches have been followed to search for proteins against which 
autoantibodies may be produced. 

20 The combination of two different electrophoresis methods (so called 

"two dimensional" or "2D"-electrophoresis) has been widely utilized to separate 
proteins in complex mixtures such as tissues or body fluids. The first electrophoresis 
step generally separates proteins based on their charge. The second electrophoresis 
step generally separates proteins based on their molecular weight. The use of high 

25 resolution two-dimensional electrophoresis allows the simultaneous separation of up 
to several Thousand individual proteins, providing an overall protein map of the 
protein mixture analyzed. The separated proteins can be visualized in the gel by 
means of staining with a variety of staining compounds including Coomassie blue or 
silver. Alternatively, mixtures contammg isotopically labeled proteins such as with 

30 ^^S methionme, can be visualized by means of autoradiography. 
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Methods have been developed for the identification of protein(s) that 
react with a specific antibody among a large number of proteins separated by two- 
dimensional electrophoresis. The technique of Western blotting can readily reveal the 
protein with which the antibody reacts if the protein is sufficiently abundant and the 
antibody is sufficiently specific and with a sufficiently high titer, /.e., high affinity and 
avidity. The use of whole sera that may contain unknown antibodies against unknown 
protein antigens present in tumors or precancerous lesions for Western blotting of two 
dimensional gels has not been reported. Such technology may theoretically be 
complicated by a large measure of nonspecific reactivity, making it difficult to 
interpret results. Thus, the methods of the present invention, using Western blotting 
of two-dimensional gel electrophoresis of complex protein mixtures for the 
identification of novel antigens for which autoantibodies are present in sera of patients 
with tumors or with precancerous lesions, is novel. 



r SUMMARY OF THE INVENTION 

15 It is an object of the present invention to provide a procedure for the 

identification of cellular protein antigens and for the detection of antibodies to 
specific cellular protein antigens in the serum of patients with cancer or with 
precancerous lesions. The identificafion of such protein antigens provides novel 
markers that can be used for screening, diagnostics and prognosis of disease. 

20 The invention comprises separating antigen-containing protein 

mixtures by two-dimensional gel electrophoresis followed by transfer of the 
separated proteins onto a membrane. Specific antigens in the protein mixture are 
detected by treatment of the membrane with a patient's sera followed by detection of 
specifically bound antibody by use of a second labeled antibody which specifically 

25 binds the first antibody. Separated protein antigens are considered disease specific 
antigens if they show prominence in the presence of sera suspected of harboring 
autoantibodies compared to control sera. The source of proteins for two-dimensional 
analysis includes unfractionated tumors, isolated cancer cells or tumor infiltrating 
cells or cultured cell lines or subcellular protein fractions such as secreted proteins, 

30 membrane proteins, cytosolic or nuclear proteins. 
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The present invention also relates to the use of the identified protein 
antigens in immunoassays designed to detect the presence of serum antibodies to the 
specific protein antigens. Such immunoassays can be utihzed for screening, for 
diagnostics and prognosis of disease. In accordance with the invention, measurement 
5 of antibody levels in a patient's sample can be used for the early diagnosis of diseases 
such as cancer. Moreover, the monitoring of serum antibody levels can be used 
prognostically to stage progression of the disease. 

Additionally, the present invention fuithei relates to the use of the 
identified protein antigens as immunogcns for stimulation of an host immune 

10 response against the tumor cells. It is expected that such an approach can be used as a 
method for inhibiting tumor cell growth or facilitating tumor cell killing in individuals 
with specific cancers. 

hi a specific embodiment of the invention described herein, circulating 
autoantibodies reactive against specific P-tubulin isofomis, and their cleavage 

15 products, were detected in the sera of patients with neuroblastoma. The finding that 
P-tubulin isofomis are immunogenic in neuroblastoma patients provides a basis for 
development of diagnostic methods for neuroblastoma and other cancers in which 
these p'tubulin isoforms are expressed, as well as a means for monitoring prognosis 
of various therapeutic treatments for the disease. In addition, the discovery that 

20 specific P-tubuIin isoforms are expressed in tumor cells provides a method for use of 
specific P-tubulin isofonns as immunogens for stimulation of an immune response 
against the tumor cells. 

4. RRTEF DESCRTPTTON OF TH E DRAWINGS 
Figure 1 A. Western blots of a lung adenocarcinoma treated with a serum from 
25 a patient with lung adenocarcinoma tumor. 

Figure IB. A nomial lung treated with serum from a patient with lung 
adenocarcinoma. 

Figure 2. Western blot of a two-dimensional gel separation of a primary 
neuroblastoma SYS Y lysate treated with the serum from a newly diagnosed patient 
30 with neuroblastoma. An aliquot of SYS Y proteins was solubilized in a urea cocktail 
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and 40 micrograms of solubilized protein was loaded onto a carrier ampholyte base 
(pH 3.8) tube gel and separated in the first dimension for 12, 000 volt hours. The first- 
dimension tube gel was loaded onto a cassette containing the second dimension gel, 
after an equilibration step. Electrophoresis in the second dimension was performed 
5 until the tracking dye present in the equilibration buffer reached the opposite end of 
the second dimension gel, in relation to the first dimension gel. Following 
electrophoresis, the separated proteins were transferred on to a polyvinylideme 
fiouride fPVDF) membrane. The membrane was premcubatcd with a blocking buffer 
and subsequently incubated with serum obtained from the same patient with 

10 neuroblastoma whose tumor was analyzed. The serum was utilized at a dilution of 
1 : 1 00, for 1 hr at room temperature. After three washes with a buffer solution, the 
membrane was incubated for 1 hr with a rabbit anti-human IgG antibody. Reactive 
proteins were revealed with luminol. A set of coalesced protein spots labeled as LPl 
was identified as containing p-tubulin isoforms for which an antibody was present in 

15 the patient's serum. This set was not detectable in a similar blot which was incubated 
with the serum of patients with other types of cancer or with the serum of normal 
individuals. 



neuroblastoma protein lysate treated with the serum of a newly diagnosed patient with 
20 Wilms tumor. The conditions for the Western blot are as described in Figure 2. 
There is a lack of reactivity in the region of LPl . 



protein lysate treated with the serum of a newly diagnosed patient with 
neuroblastoma. The conditions for the Western Blot are as described in Figure 2 with 
25 the exception that the membranes were incubated for 1 hr with a rabbit anti-human 
IgM antibody. Reactive proteins were revealed with luminol. A set of lower 
molecular weight proteins indicated as Tl, T2 and T3 were identified as containing (5- 
tubulin isoforms. This set was not detectable in a similar blot which was incubated 
with control sera. 

30 Figure 5. Western blot of SY5Y proteins treated with a monoclonal 

antibody that reacts with P-tubulin Bl and BII. Reactive spots are identified as LPl , 



Figure 3. Western blot of two-dimensional gel separation of 



Figure 4. Western blot of two-dimensional gel separation of SY5Y 
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andTl-T3. 



Figure 6. Western blot of Sy5Y proteins treated with a monoclonal 



antibody that reacts with tubulin BUI. Reactive spots are identified as LPl, and Tl- 



1 0 identification of novel protein antigens for which individuals with, or at risk for 
different types of cancer, carry autoantibodies against tumor cell protein antigens. 
Such protein antigens can in turn be purified and utilized to screen a patient's serum 
for the presence of circulating antibodies lo such antigens, by means of sensitive and 
rapid immunoadsorbcnt assays or by other procedures. The invention also relates to 

15 using the novel protein antigens to immunize patients suffering from diseases 

characterized by the expression of the identified protein antigens. Stimulation of an 
immunological response to such antigens, is intended to elicit a more effective attack 
of tumor cells; such as inter alia inhibiting tumor cell growth or facilitating the killing 
of tumor cells. 

20 Specifically, the method for identifying novel protein antigens, to 

which a subject with cancer produces autoantibodies, comprises the following steps: 

(a) extracting proteins from a sample of cells; 

(b) separating the extracted proteins by two-dimensional 
electrophoresis; 

25 (c) transferring the proteins separated by two-dimensional 



T3. 



5 



Figure 7. Coomassie Blue stained blot of SySY proteins. Similar 
blots were used to cut out LPl spots for amino acid sequencing. 



5. DIITAILED DESCRIPTION OF THE nvTvENTION 



The present invention achieves a highly desirable objective, namely the 



(d) 



electrophoresis to a membrane; 

incubating the membrane with antiserum from a subject known 



to have the cancer; 



(e) 



detecting the proteins to which autoantibodies in the patients 



30 



serum have bound; and 



(0 



comparing the proteins to which antibodies in the subject's 
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serum sample bind, to the proteins to which antibodies in a 



5 



control serum sample bind, 
wherein those proteins bound by antibodies in the subject's serum but 
not the control serum are identified as proteins to which a subject with 
cancer produces autoantibodies. 



A wide variety of protein mixtures that may contain antigens against 
which autoantibodies are present in serum can be prepared and separated mto 

individual proteins by means of two-dimensional electrophoresis. Whole cell extracts 
or body fluids can be analyzed for proteins which have elicited autoantibodies. 

1 0 Alternatively, subsets of proteins such as secreted proteins, nuclear proteins or 

membrane proteins can be subjected to two-dimensional electrophoresis and analyzed 
separately for proteins which have elicited autoantibodies so as to increase the 
abundance of such proteins in the mixture. Preparative loads consisting of several 
milligrams of proteins in a mixture can also be applied to electrophoretic gels to 

15 increase the amounts of proteins which have elicited autoantibodies. 

The particular advantage of the present invention is that no prior 
knowledge concerning the nature of the antigen is necessary. Autoantibodies to 
multiple antigens can be detected simultaneously through the use of a two- 
dimensional separation procedure. Additionally, the pattern of reactivity of a serum 

20 with a particular set of proteins in the two dimensional gel patterns, may be diagnostic 
of a particular cancer or indicative of a risk for a particular cancer. 

The present invention is based on the discover}' that serum from an 
individual that contains autoantibodies, such as a patient with cancer of the lung or 
neuroblastoma, can be used to identity protein antigens expressed in cells of a 

25 particular tissue, such as for example, cells of a tumor, or in a representative cell type, 
to which the patient has autoantibodies. As described herem, serum, from 
neuroblastoma patients contained antibodies which were immunospecific for P- 
tubulin isoforms. 
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5.1. IDENTIFICATION OF DISHASR ASSOCIATED PROTEIN 



ANTIGENS 



The present invention provides a method for identifying cellular 



5 protein antigens to which patients with cancer may develop autoantibodies. The 
method is validated by the use of serum from individuals with cancer and from 
controls, without cancer. A body fluid which may contain autoantibodies, such as 

serurrK is obtained from a patient known to liavc a pailicuiai cancer. A similar body 
fluid conlaining antibodies is obtained from a control subject thai docs not have 

10 cancer. In addition, tumor tissue as well as normal tissue to be used as a control is 
obtained. Additionally or alternatively, tumor tissues from other patients with the 
same disease and control tissues from other normal controls can be utilized. It is also 
not necessary to utilize primar>' tissues; cells grown in culture ma\- provide 
appropriate substitutes for tumor tissues or controls. In additioi:. protein subsets from 

1 5 such tissues or such cells in culture may be prepared. Such subsets may include 

secreted proteins, nuclear proteins, membrane proteins or other subcellular fractions. 

Two dimensional gel electrophoresis is used to separate proteins in 
complex mixtures of proteins. Electrophoresis in the first dimension generally 
separates proteins based on charge, while electrophoresis in the second dimension, 

20 referred to as SDS PAGE, separates proteins based on size 

Prior to two-dimensional gel electrophoresis, aliquots of whole 
tissues, or cells are solubilized using any one of a variety of solubilization cocktails 
known to those of skill in the art. For example, tissue can be solubilized by addition 
of lysis buffer consisting of (per liter) 8 M urea, 20 ml of Nonidet P-40 surfactant, 20 

25 ml of ampholytes (pH 3.5-10), 20 ml of 2-mercaptoethanol, and 0.2 mM of 
phenylmethylsulfonyl fluoride (PMSF) in distilled deionized water. 

Because isoelectric focusing is sensitive to charge modification, it is 
important to minimize protein alterations (e.g., proteolysis, deamidation of glutamine 
and asparagine, oxidation of cystme to cystic acid, carbamylation) that can result from 

30 improper sample preparation. Thus, once solubilized, samples should be stored 

frozen at -80°C for short periods (<1 month) to limit significant protein modification. 



wo 99/00671 PCT/US98/13295 

9 

Approximately 30 nl aliquots containing 70 ug of protein may be 
loaded on individual gels. Prepared protein samples are loaded onto electrophoretic 

gels for isoelectric focusing separation in the first dimension which separates proteins 
based on charge. A number of first dimension gel preparations may be utilized 
5 including tube gels for carrier ampholyte-based separations, or gel strips for 

immobilized gradient based separations. After first dimension separation, proteins are 
transferred onto the second dimension gel, following an equilibration procedure and 
separated usmg SDS PAGE which separates proteins based on molecular weight. 
Multiple gels can be prepared from individual samples. 

10 Methods of two dimensional electrophoresis are known to those skilled 

in the art. For example, carrier ampholyte based two dimensional gel electrophoresis 
can be done as previously described (Strahier et al. Journal of Clinical Investigtion, 
85:200-207, 1990). In most cases ahquots are immediately applied onto isoelectric 
focusing gels (lEF). First-dimension gels contain 50 ml of ampholytes per liter (pH 

15 3.5-10). Generally, isoelectric focusing is done at 1,200 V for 10 h and 1,500 V for 
the last 2 h. 20 gels are generally run simuhaneously. For the second-dimension 
separation by SDS PAGE, an acrylamide gradient of 1 1 .4-14.0 g/ml can be used. If 
desired, protein spots in gels may be visualized by the silver-staining technique of 
Mcrril ct al. (Merril et al. Science, 21 1:1437-1438, 1961). 

20 Alternatively, immobilized pH gradient (IPG) two dimensional gels 

may be used (Hanash S. M., et al., 1991, Proc, Natl. Acad. Sci,, USA 88:5709-5713). 
Samples are prepared using lysis buffer as discussed above. For first dimension 
separation an immobilized pH gradient covering the separation range of pH 4-10 is 
used. The second dimension is the same as for the carrier ampholyte gels described 

25 above. IPG gels are prepared using derivatives of acrylamide having carboxyl or 

tertiaiy amino groups with specific pK values. A linear pH gradient is prepared from 
a dense, acidic solution and a light, basic solution using a two-chamber microgradient 
former. The pH gradient is stabilized during polymerization of the Inmiobiline 
acr>'lamidc-bisacrylamidc matrix by a co-linear gradient of glycerol. Formulations of 

30 buffering Immobiline mixtures with titrating Immobiline for the pH limit solutions for 
narrow pH gradients (1 pH unit) or for broad pH gradients (>1 pH unit, up to 6 pH 
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units) have been published (Gianazza et al. Electrophoresis 6:1 13 (1985) and LKB 
application Note 324 (1984)). 



The second dimension separates proteins on the basis of molecular 
weight in an SDS gel. An 1 1.5 to 14% (2.6% cross-linking) acrylamide gradient 
5 provides effective separation of proteins having a mass of from 10,000 to 100,000 Da. 
Proteins outside this range may be less well resolved. Proteins with molecular weight 

less than 10,000 Da electrophorese close to the dye front and are less well resolved. 

Following separation, the proteins are transferred from the two 
dimensional gels onto membranes commonly used for Western blotting. The 

1 0 techniques of Western blotting and subsequent visualization of proteins are also well 
known in the art (Sambrook et al, "Molecular Cloning, A Laborator>' Manual", 2"*^ 
Edition, Volume 3, 1989, Cold Spring Harbor). The standard procedures may be 
used, or the procedures may be modified as known in the art for identification of 
proteins of particular types, such as highly basic or acidic, or lipid soluble, etc. (See 

1 5 for example, Ausubel, et al, 1 989, Current Protocols in Molecular Biology, Green 

Publishing Associates and Wiley Interscience, N.Y.). The patient and control sera are 
diluted to various concentrations, e.g., one volume of serum to 100 volumes of buffer, 
prior to being utilized in an incubation step, as in the procedure of Western blot 
analysis. Non-specific binding may be minimized by preclearing the serum prior to 

20 the incubation step. A second antibody specific for the first antibody is utiHzed in the 
procedure of Western blot analysis to visualize proteins that reacted with the first 
antibody. 

It is expected that some proteins will be visualized as spots as a result 
of nonspecific reactivity with antibodies in the serum. Spots corresponding to 
25 proteins that have elicited specific autoantibodies are distinguishable from nonspecific 
spots based on their presence in Western Blots prepared with patients' sera compared 
to control sera, and/or the presence of a spot in the disease tissues or cell lines or 
extracts compared to control tissues, cell lines or extracts. 

The protein spots, in two dimensional gels of the same protein source 
30 used for Western blots are visualized using a staining procedure or by 
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autoradiography. Spots in the gels that match the spots of interest in Western blots 
are identified by means of an overlay or a matching procedure between the gels and 
the blots. Once the spots that contain proteins that may have elicited autoantibodies 
are identified in two-dimensional gels, the protein can be extracted from the two- 
5 dimensional gels and utilized for a structural characterization and/or for making 
antibodies against such protein. The amino acid sequence of the protein can be 
derived by direct sequencing with an automated ammo acid sequencer. 

Once a protein of interest has been ideniincd, it may be isolated and 
purified by standard methods includmg chromatography (e.g., ion exchange, affinity, 
10 and sizing column chromatography), centrifugation, differential solubility, or by any 
standard technique for purification of proteins. Such purified protein can be used in 
immunoassays designed to detect the presence of autoantibodies in a subject's serum, 
or alternatively, such protein preparations may be used for immunization as described 
infra. 

1 5 The present invention is demonstrated by way of example wherein 

elevated levels of circulating autoantibodies reactive against several specific P-tubulin 
isoforms and their cleavage products were detected in the sera of neuroblastoma 
patients. The detection and/or quantitative measurement of p-tubulin isoforms or 
their cleavage products in serum or other body fluids can be used in screening of 

20 subjects who are at risk for neuroblastoma or other disorders in which P-tubulin 
isoforms are expressed. Additionally, autoantibodies to the specific P-tubulin 
isofomis were not detected in neuroblastoma patients being treated, or m remission 
from the disease, indicating that measurement of autoantibodies can be used 
prognostically to stage the progression of the disease. Thus, the specific subtypes of 

25 tubulin autoantibodies may have diagnostic, prognostic, or therapeutic significance. 



reactive against an identified tumor specific protein antigen can be used for the early 
30 diagnosis of diseases such as cancer. Moreover, the monitoring of autoantibody 
levels can be used prognostically to stage the progression of the disease. The 



5.2. 



IMMUNOASSAYS 



In accordance with the invention, measurement of autoantibodies 
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deiection of autoantibodies in a sample from a patient can be accomplished by any of 
a number of methods. Such methods include immunoassays which include but are not 
limited to competitive and non-competitive assay systems using techniques such as 
Western blots, radioimmunoassays, ELISA (enzyme linked immunosorbent assay), 
5 "sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel 
diffusion precipitin reactions, immunodiffusion assays, agglutination assays, 
complement fixation assays, immunoradiometric assays, fluorescent immunoassays, 
pioiein A immunoassays, to name but a few. 

Such an immunoassay is carried out by a method comprising 

1 0 contacting a serum sample derived from a subject with a sample contammg the 
protein antigen under conditions such that specific antigen-antibody binding can 
occur, and detecting or measuring the amount of any immunospecific binding by the 
auioaniibody. In a specific aspect, such binding of autoantibody by tissue sections, for 
example, can be used to detect the presence of autoantibody wherein the detection of 

15 autoantibody is an nidication of a diseased condition. The levels of autoantibodies in a 
sample are compared to the levels present in an analogous sample from a portion of 
the body or from a subject not having the disorder. 

The immunoassays of the invention are not limited to those designed 
for detection of autoantibodies in a subject's serum, but also include, immunoassays 

20 for detecting expression of the identified protein antigens in a subject's sample. To 
this end, purified protein antigen can be used to produce antibodies that can be used in 
accordance with the invention. For example, the protein antigens identified by the 
method of the invention can be prepared in preparative gels, eluted from the gels, and 
used as immunogens for the production of antibodies which immunospecifically bind 

25 such an immunogen. The antibodies are made by methods known to those skilled in 
the ait. Such antibodies include but are not limited to polyclonal, monoclonal, 
chimeric, single chain. Fab fragments, and an Fab expression library. 

Antibodies can be used in assays, such as the immunoassays listed 
ah(>\ c to detect, prognose, diagnose, or monitor cancer in an individual, or monitor 

30 the treatment thereof In particular, such an immunoassay is carried out by a method 
comprising contacting a sample derived from a subject with an antibody under 
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conditions such that immunospecific binding can occur, and detecting or measuring 
the amount of any immunospecific binding by the antibody. In addition, reagents 
other than antibodies, such as, for example, nucleic acid molecules, polypeptides or 
chemical compounds that specifically bind to p-tubulin isoforms, can be used in 
5 assays to delect the expression of P-tubulin isoforms. 



used to detect expression of the protein wherein the expression of the protein is an 

indication of a diseased condition. The levels of expressed proteins arc compared to 
levels relative to that present in an analogous sample from a portion of the body or 
1 0 from a subject not havmg the disorder. 

53 IMMUMZAIiON 
The identification of autoantibodies to novel protein antigens 
associated with particular cancers provides a basis for immunotherapy of the disease. 
1 5 The patient may be immunized with the protein antigens to elicit an immune response 
which facilitates killing of tumor cells or inhibiting tumor cell growth. The protein 
antigens can be prepared using the methods described above for purification of 



20 purified protein antigen to which a patient cancer has developed autoantibodies, is 
used to elicit an immune response. For administration, the protein antigen may be 
formulated with a suitable adjuvant in order to enhance the immunological response 
to the protein antigen. Suitable adjuvants include, but are not limited to mineral gels, 
e.g. aluminum hydroxide, surface active substances such as lysolecithin, pluronic 

25 polyols, polyanions, peptides, oil emulsions, and potentially useful human adjuvants 
such as BCG (hacilli Calmett-Guerin) and {Corynehacterium parvum). Many 
methods may be used to introduce the formulations derived above; including but not 
limited to oral, intradermal, intramuscular, intraperitoneal, intravenous, and 
subutaneous. 

30 The results presented in the Examples infra are discussed below. In 

particular, the data presented in Section 7 demonstrate that specific P-tubulm isofomis 



In a specific aspect, such binding of antibody by tissue sections, can be 



proteins. 



In an embodiment of the invention an immunogen comprising a 
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are expressed in the tumors of subjects having neuroblastoma. Knowledge of the 
antigenic nature of P-tubulin isoforms in cancer can be used in devising therapeutic 
strategies in the form of immunotherapy directed against cancer using p-tubulin 
isoforms or peptides as an intermediate target to stimulate an immune response 
5 against the tumor or in the form of gene therapy using genes that encode all or part of 
P-tubulin isoforms as an intermediate target. Additionally, P-tubulin III differs from 
other forms of tubulin by a short sequence at the C-terminal end. Thus peptides 
encompassing this sequence may be utilized as an immunogen to elicit antibodies 
specifically reactive to against tumors that express P-tubulin III. 

0 6. EXAMPLE: DETECTION OF A TUMOR SPECIFIC 

ANTIGEN USING SERUM ISOLATED FROM A PATIENT 
HAVING CANCER 



The method of the present invention was applied to patients with lung 

1 5 cancer for identification of tumor specific antigens. One such expermient is described 
belov/. An aliquot of a lung adenocarcinoma tumor was solubilized in a urea cocktail, 
as described above, and 40 micrograms of solubilized protein was loaded onto a 
carrier ampholyte based (pH 3-8) tube gel and subjected to isoelectric focusing in the 
first dimension for 12,000 volt hours (700V x 16h and lOOOV x 2h). The first- 

20 dimension tube gel was loaded onto a cassette containing the second dimension gel, 
after an equilibration step. Electrophoresis in the second dimension using SDS 
PAGE, was done until the tracking dye present in the equilibration buffer reached the 
opposite end of the second dimension gel, in relation to the first dimension gel. 
Following electrophoresis the separated proteins were transferred onto a nitrocellulose 

25 membrane. The membrane was preincubated with a blocking buffer and subsequently 
incubated with serum obtained from a patient with lung adenocarcinoma at a dilution 
of 1/100 (diluted in Tris-buffered-saline (TBS) ;0.01% Tween 20; 1.8 gm/100 ml non- 
fat dr\' milk), for 1 lir at room temperature. After three washes with a buffer solution, 
the membrane was incubated for 1 hr with a sheep anti-human antibody (available 

30 from Amersham). Reactive proteins were revealed with luminol. 
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A candidate protein in the tumor for which an antibody was present in the 
patient's serum is shown in Figure 1 A. As indicated in Figure IB, the protein spot 
was not detectable in a blot of normal lung proteins which was incubated with the 
patient's serum. 

5 7. EXAMPLE: DETECTION OF ANTIBODIES SPECIFIC FOR p-TUBULIN 
TS^OFORMS IN THF SHRA OF Si mTFCTS WITH NEUROBLASTOMA 

Using the method of the present invention, sera from subjects with 
neuroblastoma were screened for reactivity against tumor proteins. The sera samples 
from the neuroblastoma patients were found to be reactive against a set of 
1 0 neuroblastoma specific proteins identified as p-tubulin isoforms and their cleavage 
products. 



7.1. MATERIALS AND METHODS 
Sera were obtained from patients with neuroblastoma as well as from 
patients with other tumor types including cancer of the lung, esophagus, sarcomas and 

1 5 Wilms tumors. Different Western blots were prepared using the different tumors or 
the neuroblastoma cell line SY5Y as sources for solubilized proteins. An aliquot of 
SY5Y proteins was solubilized in a urea cocktail as described above and 40 
micrograms of solubilized protein was loaded onto a carrier ampholyted base (pH 3.8) 
Tube gel and separated by isoelectric focusing in the first dimension for 12, 000 voU 

20 hours (700V x 16 h followed by lOOOV x 2 h) . The first-dimension tube gel was 

loaded onto a cassette containing the second dimension gel, after an equilibration step. 
Electrophoresis in the second dimension using SDS PAGE was done until the 
tracking dye present in the equilibration buffer reached the opposite end of the second 
dimension gel, in relation to the first dimension gel. 

25 Following electrophoresis the separated proteins were transferred on to 

a poi>"vinylidcme flouride (PVDF) membrane (MiUipore), I'hc membrane was 
preincubated with a blocking buffer and subsequently incubated with serum obtained 
from the same patient with neuroblastoma whose tumor was being analyzed. The 
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serum, which was diluted 1:100 in the buffer solution (Tris-buffered-saline containing 
.01% Tween20 and 1 .8 gm/100 ml non-fat dr>^ milk), was incubated with the filter for 
1 hr at room temperature. After three washes with the buffer solution, the membrane 
was incubated for 1 hr with a rabbit anti-human IgG antibody (available from 
5 Amersham). Reactive proteins were revealed with luminol. A set of coalesced 

protein spots labeled LPl, were identified as containing p-tubulin iso forms for which 
an autoantibody was present in the patient's serum. 

Several inimunoreactive spois occurred in Western blots of 
neuroblastoma patient sera. These spots were absent in Western blots of other tumors 

10 or in Western blots of neuroblastoma tumors that were treated with control sera 

(Figures 2 and 3). The set of neighboring immunoreactive proteins, designated LPK 
observed in blots in which the second antibody was directed against IgG or IgM 
(Figures 2 and 3, respectively) was identified in two-dimensional separations of the 
same tumor extracts, in which total proteins were visualized by staining with silver or 

1 5 Coomassie blue, based on their isoelectric point (pi) and M W following a matching 
process (Figure 5). This protein constellation was identified as containing tubulin 
isofonns types I, II and III as determined by amino acid sequencing and reactivity 
with known antibodies to these tubulin p-isoforms. 

For amino acid sequencing, several blots of neuroblastoma tumor 

20 proteins were prepared and stained with Coomasie Blue. The coalesced spots, 

designated LPl , which occurred in the position of the immunoreactive constellation of 
spots were excised from four contiguous areas of neuroblastoma blots stained with 
Coomassie Blue and the N-terminal amino acid sequence was determined for each 
excised protein spot. The N-terminal amino acid sequences were compared to the 

25 known N-terminal sequences of the p-tubulin isoforms . 

The reported N-terminal sequences for the p-tubulin isofomis are as 

follows: 

M.W. P.I. 

TBBl MREIVHIQAGQCGNQI 49759 4.75 (SEQIDNO:!) 

30 TBB3 MREIVHIQAGQCGNQI 50517 4.86 (SEQ ID N0:1 ) 

TBB2 MREIVIILQAGQCGNQI 49831 4.79 (SEQIDN0:2) 
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TBB5 MRER^HLQAGQCGNQI 
TBAl MRECISIHVGQAGVQI 
TBA4 MRECISVHVGQAGVQM 




PCTaJS98/13295 

49631 4.81 (SEQIDN0:2) 

50157 5.02 (SEQIDN0:3) 

49924 4.95 (SEQIDNO:4) 



The spots designated LP la to LP Id in Figure 7 were excised and the amino 
5 terminal sequence of each protein was determined. The amino acid sequences were as 

follows: 
I. LPla 

major- MREIVHIQAGQCGNQI (SEQlDNOif) 
minor- EEGO'SLQVGOAGVQl (SEQIDN0;5) 

10 The niajor sequence of LPl is that of tubulin isoform TBBl or TBB3, 

the minor is TBB: or TBB5. TBBl and TBB3 have the same N-terminus, but differ at 
C-terminus. Tlicre w ere some minor signals as well in some cycles. TBB2 and TBB5 
have L instead of 1 lu position 7. There was some L obsePv'cd in this cycle. However 
it may have come from an unrelated sequence along with the other mmor residues. 



15 II. LElh 

major- MRECISIHVGQAGVQI (SEQIDN0:3) 

minor- MRLIVHAHAGQAGNQI (SEQIDN0:6) 

mmor- MRLIVDAHAGOAGNQI {SEQIDN0:7) 

The major sequence is of LP lb is that of tubulin isoform TBAl and the minor 
20 sequence is that of tubulin isofonn TBBl and/or TBB3. 



III. LPlc 

major- MREIVHIQAGQCGNQI (SEQ ID N0:1 ) 
mmor- MREIX'IILOAGQCGNQI (SEQ ID N0:2) 

The major sequence of LPlc is that of tubulin isoform TBBl and/or 
25 TBB3 with possibly some TBB5 and/or TBB2 tubulin isoforms present (Lin #7). 
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IV. LP Id 



major- MREIVSIHVGQA 



(SEQ ID NO: 8) 



minor- MREXaalHIXaaAGQXaa (SEQ ID N0:9), wherein the first Xaa 
refers to the presence of a C or T residue; the second Xaa refers to the presence of a Q 
5 or P residue; and the third Xaa refers to the presence of a C residue. 

The major sequence of LPld is tubuUn isoform TBBl and/or TBB3 with a minor 
amount of TB A 1 tubulin isoform detected. 



expressed at high level in neuroblastoma tumors and the SY5Y based on Westeni blot 
1 0 analysis of neuroblastoma tumor proteins separated by two dimensional gel 
electrophoresis, using isoform specific tubulin beta antibodies (Figure 5, 6). 

Another set of immunoreactive proteins observed in Western blots of 
neuroblastoma tumors and Sy5 Y cell line, in which the second antibody was directed 
against TgM were identified as cleavage products of p-tubulin isofonns, based on 
1 5 their reactivity with p-tubulin isofomi specific antibodies (Figure 4). This set of 

neighboring proteins was also identified m two-dmiensional separations of the same 
tumor extracts, in which proteins were visualized by staining with silver or Coomassie 
blue, based on their isoelectric point (pl) and molecular weight (MW) following a 
matching process (Figure 7). 
20 Cleavage products of tubulin beta isoforms types I and II and type III were 

found to be expressed at high level in neuroblastoma tumors based on Western blot 
analysis of neuroblastoma tumor and SY5Y proteins separated by two dimensional 
gel electrophoresis using isoform specific tubulin beta antibodies ( Figures 4, 5 and 



of serum autoantibodies to neuroblastoma tumor proteins, sera from patients with 

neuroblastoma was used to screen for reactivity against tumor proteins separated by 
the teclmique of high resolution two-dimensional electrophoresis. Tumor proteins 
30 were transferred following their two-dimensional separation onto a polyvinylideme 



p-tubulin isofuinis types I and II and type III were found to be 



7.2. RESULTS 



For identification of neuroblastoma protein antigens and the presence 
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flouride (PVDF) membrane and incubated with serum from newly diagnosed patients 
with neuroblastoma using the technique of Western blotting (Figures 2 and 4). Sera 



based on the visualization of a spot following incubation with a second antibody 
directed against the firsi antibody. Antibody specificity was determined by means of 

comparisons of Western blots of different tumor types reacted with different 
neuroblastoma patient sera, with Wesieni blots reacted with control sera. 



neuroblastoma tumors and a neuroblastoma cell line that were incubated with sera 
from neuroblastoma patients were absent in Western blots of other tumors or in 
neuroblastoma Western blots that were treated with control sera. One set of 
neuroblastoma immunoreactive proteins was localized in two-dimensional separations 

1 5 of neuroblastoma proteins in which proteins were revealed by staining with silver or 
Coomassie Blue. Localization was based on a matching process which took into 
account protein isoelectric pomt (pi) ajid molecular weight. Following elution from 
the membrane, he immunoreactive set of protein antigens were identified as P-tubulin 
isoforms as detennined by amino acid sequencing, mass spectrometry and reactivity 

20 with known antibodies to tubulin beta isofomis. P-tubulin isoforms were found to be 
expressed at high level in neuroblastoma tumors based on Western blot analysis of 
neuroblastoma tumor protems separated by two dimensional gel electrophoresis, 
which were reacted with isoform specific p-tubulin antibodies. Another set of 
immunoreactive proteins were similarly identified as cleavage products of tubulin 

25 beta isoforms. Thus, patients with neuroblastoma appear to make autoantibodies to P- 
tubulin isofomis or to tlieir cleavage products. Interestingly, serum taken fi-om 
neuroblastoma patients cither in remission or being treated for their disease fail to 
contain autoantibodies reactive against P-tubulins. The identification of tubulin beta 
isoforms as immunogenic in cancer provides a basis for the development of diagnostic 

30 and screening tests for cancers in which these isoforms are expressed and for the 
development of novel tubulin based strategies for cancer therapy. 



5 



from patients with other types of cancer and from normal individuals were similarly 
utilized as controls (Figure 3). 

Proteins which reacted with antibodies present in serum were detected 



10 



Several immunoreactive spots that were found in Western blots of 
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Once proteins that have eUcited autoantibodies are identified, it 



becomes possible to produce them in large quantities through recombinant DNA 



antisera can be produced against these proteins or against synthetic peptides which 
match the derived sequence of the protein(s) of interest. 



disclosed in the examples which are intended as an illustration of one aspect of the 

inveniion, and any compositions or methods which are functionally equivalent are 
within the scope of this invention. Indeed, various modifications of the invention in 
1 0 addition to those shown and described herein will become apparent to those skilled in 
the an from the foregoing description. Such modifications are intended to fall within 
the scope of the claims. 



technology or other enrichment or purification procedures. Specific antibodies and 



The present invention is not to be limited in scope by the embodiments 
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SEQUENCE LISTING 



10 



15 



20 



(1) GENERAL INFORMATION 
(i) APPLICANT: University of Michigan 

TITLE OF THE INv'ENTION: METHOD FOR IDENTIFICATION 



OF CELLULAR PROTEIN ANTIGENS AND PRESENCE OF 
ANTIBODIES TO SPECIFIC CELLULAR ANTIGENS IN 
SERUM 



(ill) NUMBER OF SEQUENCES: 9 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Baker ^ Botts, L.L.P. 

(B) STREET: 30 Rockefeller Plaza 

(C) CITY: New York 

(D) STATE: NY 

(E) COUNTRY: U.S.A. 

(F) ZIP: 10112 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 2.0 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUTVIBER: 

(E) FILING DATE: 26-JUN-1998 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
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(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Seide, Rochelle K 

(B) REGISTRATION NUMBER: 32,300 

(C) REFERENCE/DOCKET NUMBER: 31755-PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 212-705-5000 

(B) TELEFAX: 212-705-5020 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO:!: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Met Arc Glu lie Val His lie Gin Ala Gly Gin Cys Gly Asn Gin lie 
15 10 15 

{2) INFORMATION FOR SEQ ID NO : 2 : 

(i; SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: None 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

Met Arg Glu lie Val His Leu Gin Ala Gly Gin Cys Gly Asn Gin He 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO : 3 : 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) T.KNnTH : 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

Met Arg Glu Cys He Ser He His Val Gly Gin Ala Gly Val Gin He 
15 10 15 

(2) INFORMATION FOR SEQ ID NO : 4 : 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Arg Glu Cys He Ser Val His Val Gly Gin Ala Gly Val Gin Met 

c 10 15 

(2) INFORMATION FOR SEQ ID NO : 5 : 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

iC) STRANDEDNESS : single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Glu Glu Gly Cys Val Ser Leu Gin Val Gly Gin Ala Gly Val Gin He 
I S 10 15 

10 (2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

Met Arg Leu He Val His Ala His Ala Gly Gin Ala Gly Asn Gin He 
15 10 15 

20 (2) INFORMATION FOR SEQ ID NO: 7: 

(i; SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
25 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: None 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Met Arg Leu He Val Asp Ala His Ala Gly Gin Ala Gly Asn Gin He 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 8: 

5 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRAI^DEDNESS : single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: None 

(XI } SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Met Arg Glu He Val Ser He His Val Gly Gin Ala 
15 10 

(2) INFORMATION FOR SEQ ID NO : 9 : 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 



Met Arg Glu Xaa He His He Xaa Ala Gly Gin Xaa 
1 5 10 
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CLAIMS 

1 . A method for identifying proteins, to which a subject with cancer 
produces autoantibodies, said method comprising: 
(a) extracting proteins from a sample of cells; 
5 (b ) separating the extracted proteins by two-dimensional 

eleclrophoresis; 

(c) transferring the proteins separated by two-dimensional 

electrophoresis to a membrane; 
(dl incubating the membrane with antiserum from a subject known 
10 to have the cancer; 

(e) detecting the proteins to which autoantibodies in the patients 
serum have bound; and 

(f) comparing the proteins to which antibodies in the subject's 
serum sample bind to proteins to which antibodies in control 

1 5 serum sample bind, 

wherein those proteins bound by antibodies in the subject's serum but 
not the control serum are identified as proteins to which a subject with 
cancer produces autoantibodies. 

2 The method of Claim 1 wherein the sample of cells is derived from the 
20 subject's tumor, 

3. The method of Claim 1 wherein the sample of cells is derived from a 
continuous cell line representative of the subject's tumor. 

4. The method of Claim 1 wherein the step of detecting the proteins to 

which autoantibodies m the subject's scrum sample have bound 
25 comprises the use of a signal-generating component bound to an 

antibody that is specific for antibodies in the subject's sample. 
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cancer. 



A method for diagnosis aiid prognosis of cancer in a subject, 
comprising: 

(a) obtaining a serum sample from a subject; and 

(b) detecting the presence of autoantibodies specific for a 
protein identified using the method of Claim 1, 

wherein the presence of autoantibodies indicates the presence of 



6. A method for diagnosis and prognosis of cancer in a subject, 

10 comprising: 

(a) obtaining a semm sample from a subject; and 

(b) detecting the presence of autoantibodies specific for a 
P-tubulin isofomi, 

wherein the presence of autoantibodies specific for a p-tubuHn isoform 
1 5 indicates the presence of cancer. 

7. The method of Claim 7 wherein the subject is a neuroblastoma patient. 

8. The method of Claim 7 wherein the presence of autoantibodies in the 
sample is measured by an immunoassay comprising: 

<a) immobilizing a protein identified using the method of 
20 Claim 1 onto a membrane or substrate; 

(b) contacting the membrane or substrate with a subject's 
serum sample; and 

(c ) detecting the presence of autoantibodies specific for the 
protein in the subject's serum sample, 

25 wherein the presence of autoantibodies indicates the presence of 



cancer. 
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9. The method of Claim 8 wherein the immobilized protein is a P-tubuIin 
isoform. 

10. A method for diagnosis for the presence of cancer in a subject 
comprising, detecting in a sample of cells derived from said subject the 

5 expression of a protein identified using the method of Claim 1 . 

1 1 . The method of Claim 1 0 wherein the expression of the protein 
identified using the method of Claim 1 is detected using an 
immunoassay. 

10 12. The method of Claim 1 1 wherein the immunoassay is an in situ 

hybridization assay. 

13. The method of Claim 1 1 wherein the immunoassay is an 
immunoprecipitation assay. 

15 14. The method of Claim 1 1 wherein the protein is a P-tubulin isoform. 

15. A method for stimulating in a subject an immune response specific for 
a protein identified using the method of Claim 1, comprising 
adminislenng to said subject a composition containing said protein, in 

20 an amount sufficient to elicit an immune response. 

16. A method for stimulating in a subject an immune response specific for 
a protein identified using the method of Claim 1 , comprising 
administering to said subject cells from the immune system derived 

25 from said subject. 



17. 



The method of Claim 1 wherein the protein is a p-tubulin isoform. 
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1 8. A composition comprising a protein identified using the method of 
Claim 1 and an acceptable carrier. 



19. A composition containing an antibody that immunospecifically binds 
to a protein identified using the method of Claim 1. 

5 20. The composition of Claim 1 8 wherein the antibody is conjugated to a 

sigiiai-generating compound. 



21. 



The composition of Claim 18 wherein the antibody is conjugated to a 
cytotoxic reagent. 
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